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Biofuel Processing 

This invention relates to a method of enhancing Biofuel production. 

The present invention has reference to a method of enhancing the production of biofoels, 
with application to, but not restricted to, the production of bioethanol. The present 
invention has reference to the production of bioethanol using the Acid Hydrolysis and 
Enzymatic Hydrolysis processes. 

It is well known in the art that bioethanol fuel is mainly produced by the sugar 
fermentation process. The main sources of sugar required to produce ethanol come from 
fuel or energy crops. These crops are grown specifically for energy use and include com, 

" * . . v" - ; 

maize and wheat crops, waste straw, willow and popular trees, sawdust, reed canary 

. ,«,*..,. - ■ 

grass, cord grasses, Jerusalem artichoke, myscanthus and sorghum plants. There is also 
ongoing research and development into the use of municipal solid wastes to produce 
ethanol fuel. 

Bioethanol has a number of advantages over conventional fuels. It comes from a 
renewable resource i.e. crops and not from a finite resource and the crops it derives from 
are easily grown (like cereals, sugar beet and maize). Another benefit over fossil fuels is 
the greenhouse gas emissions. The road transport network accounts for a large percentage 
of all greenhouse gas emissions such as C02. Through the use of bioethanol some of. 
these emissions will be reduced as the fuel crops actually absorb some of the C02 whilst 

gro wing. Also, blending bioethanol with petrol will help extend the life of the worlds 

■ , , * . ,v • »s*m. >, > 

diminishing oil supplies and avoid heavy reliance on oil producing nations. Bioethanol is 
also biodegradable and far less .toxic that fossil fuels. 



Ethanol can be produced from biomass by the hydrolysis and sugar fermentation 
processes. Biomass waste contains a complex mixture of carbohydrate polymers from the 
plant cell walls known as cellulose, hemi cellulose and lignin. In order to produce sugars 
from the biomass, the biomass is pre-treated with acids or enzymes in order to reduce the 
size of the feedstock and to open up the plant structure. The cellulose and the hemi 
cellulose portions are broken down (hydrolysed) by enzymes or dilute acids into sucrose 



(sugar) that is then fermented into ethanoL The lignin which is also present in the 
biomass is normally used as a fuel for the ethanol production plant's boilers. There are 
three principle methods of extracting sugars from biomass. These are Concentrated Acid 
Hydrolysis, Dilute Acid Hydrolysis and Enzymatic Hydrolysis. 

The Concentrated Acid Hydrolysis, or Arkanol process typically works by adding 70- 
77% sulphuric acid to the biomass that has been dried to a 10% moisture content. The 
acid is added in the ratio of 1.25 acid to 1 biomass and the temperature is controlled' t6 11 
50°C. Water is thffi ^dded to dilute the acid to 20-3 6% and the mixtiire is ! agaiii heated to 
100.°C for 5 l hour. T r frp; gel .produced from this mixture is then pressed to release ah aci* 

— : _ 

sugar mixtureand a chromatographic column is used to' separate the acid and sugar ! ' 

mixture... \.- . . . Jt .. . ' " ' ; '* : ' v 

■ . . 

1 1 * * ft * * * « • i 

In the Dilute Acid Hydrolysis process, dilute acid is used to hydrolyse the biomass to 
sucrose. The first stage uses 0.7% sulphuric acid at 190C to hydrolyse the hemi celluldsS 
present in the biomass. The second stage is optimised to yield the more resistant cellulose 
fraction.. This, is achieved by using 0.4% sulphuric acid at 215C. The liquid hydrolates arfe 
then neufrahs.ed an,d recovered from the process. * ' : f,,i ' ' ; ■ ^f;-^^.:-. 

... ■> - ■ ' ' ■ - '•.*;■' 

In the alternative Enzymatic Hydrolysis process, instead of using , acid to hydrplysd the* / . ; 

> . ' *- .i . • . . . ' * ..,7 ■',*..* " 1 ; 

biomass into sucrose, enzymes a^e used to break down the biomass in a. similar way., ; 

w£ »** v 

' The method of ffie-pres'erit mventiofi : is to pass the process fluid, through a Fluid Movef bf 
the kind described in our International Patent Application No PCT/GB2003/004460 in" 
Which the inteifacfto'n of a^ocess fluid or fluids and steam projected from a nozzle ^''^ 
arrangement provides pumping, entrainment, maceration, mixing, heating, emulsification, 
homogenization etc of the process 'fluid or fluids.' In this application the j)roces : s:fluidjtiay 
be comprised of the biomass suspended in a liquid medium, for example wateVoHt tnay 
be a mixture of liquids (for example water and sulphuric acid). 

The Fluid Mover introduces an annular supersonic j et of transport fluid, typically steam, 
into a relatively large diameter straight through hollow passage. Through a combination 



of momentum transfer, high shear, and the generation of a supersonic Shockwave, the 
high velocity steam induces and acts upon the process fluid passing through the centre of 
the hollow body. 



This Fluid Mover is particularly suitable for use in processing fluids such as liquid/solids 
suspensions such as biomass due to its ability to handle high fluid viscosities and large 

; r 

solid particle sizes. It is therefore almost impossible to block. In addition, due to its lack 
" Of moving parts, and subsequent lack of bearings, dynamic seals, and dynamic; . . 
1 clearances, the Fluid Mover is resistant to chemical or. acid damage and has Clean in 

Place (CIP) properties: - >•» - "" : - 1 ' ! "' w: <— 77 ; ; ; 7 77' '' 



The nature of the energy transfer betweeh the steam arid the process, fluid, affords 
significant advantages for use in bioethanol production. Due to the intimate mixing 
between the hot transport fluid (steam) and the procp&s fluid, very high heat transfer rates 
between the fluids are achieved resulting in rapid heating .of the process fluid, hi addition, 

• r 1 t . . ' ' . • 
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the high energy intensity within the unit, especially the high momentum transfer rates 
between the steam and process fluid result in high shear forces on the process fluid. 

:<: •■ * " i''-' ...*."• - ■■•.-<•'■ ■ 



Two or more Fluid Movers may be used in series, each Fluid Mover may be' configured 
!ind optimized to carry out different roles : Fpr example, one Fluid Mbver may be'- ' * " v - 

configured to pump and mix (and do some jnitial heating) and a second Fluid Mover ' 
v ? mduntpd in series down stream of thefirst; optimized to heat and macdr ate/ ' '■" ' 

. . . > . r v *k k . ... r . .. * ' ••■ ■ ■ . . * t* ; .*' ,. .. u k - • , 

• • ' • .]''•.</*' ' > - >\ u * v ?. . ; ■ v.; ■ . > £ 

Altematively, the process fluid thay be fed tfirough :the Fluid Mover 'by an external ' '" 

* i '<■■■ f 
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pressure means, for example via ariothet ^urnp, or a gravity pressure head. In, this' 
scenario the Fluid Mover would hot be required to provide a pumping action, but would 
be Configured for optimum heating, mixing, maceration etc. This may have particular " 
application in cases where high temperature (up to 100°C) operation is required. 



In still yet another alternative, the Fluid Mover may be operated within an externally 
controlled pressure environment. For example, the inlet and exit pressures of the process 



fluid through the Fluid Mover are externally regulated to provide an elevated working 
pressure within the body of the Fluid Mover. This would provide the opportunity to 
operate the Fluid Mover at higher temperatures, i.e. maintaining steam condensation at 
temperatures higher than 100°C. 

Utilising the method described in this invention-, the process of mixing, heating, hydrating 
and macerating the carbohydrate polymers in the biomass can be achieved more rapidly 
and efficieiitly than conventional methods. Utilising the high shear and the presence- of, > 5 
Shockwave allows the active chemical or biological components to be intimately mixed . 
;with the cafboliydrate polymers, more; efficiently, enhancing the contact through pulping; f 

i ■- . ' . - 1 4 

* *' * 
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of the plant matter as it begins to breakdown. Although the method described in this .,, . , , 

• ' » . t * < ' 

: invention utilizes high temperature and high sljear, it is still suitable for use in .the, . t . 
Enzymatic Hydrolysis process without damage to the enzymes. It has been found in other 
-applications, for example in th.e mashing-in process in the brewing industry, that the >, 
processing of the process fluid, can be achieved; whilst maintaining the integrity, of the . . 

1 s * * * s ' * • "■■ .-»■■•. , • t ' , 1 1 " , • .' ? ■. • T , • ' . ' '.-*;*■ * 

enzymes in the mash. In this application maintaining the integrity of the enzymes in the 
mix is important as they are required to convert the starch to sugar in a later process* , \ . 



The energy intensity within the Fluid Mover is controllable. By controlling the flow rates 
of the steam and/or the process can be reduced to allow slow heating * 

of the process fluid, and provide much lower shear intensity. This could be used, for .... , V 
^e^amiplei, to 'provide gentle heating of the process fluid tq ma.intain batcli of process- 
- fluid at a constant 'temperature. 



